Objective: The aim of this study was to compare the fixed 0.5 cut-off and the age-and sexspecific 90th percentile (P90) for waist-to-height ratio (WHtR) in German adolescents with respect to the prevalence of abdominal obesity and to compare the screening ability of WHtR and BMI to identify hypertensive blood pressure (BP) values. Methods: Between 2003 and 2006, the German Health Interview and Examination Survey for Children and Adolescents (KiGGS) was carried out including 3,492 boys and 3,321 girls aged 11-17 years. Abdominal obesity was assessed by two WHtR cut-points (P90; 0.5). Hypertensive BP was defined as BP exceeding age-, sex-and height-specific 95th percentiles or the adult threshold for hypertension (140/90 mm Hg). Results: Agreement between the WHtR cut-offs was very good (Kappa 0.89 for boys; 0.81 for girls), and the prevalence of abdominal obesity was slightly higher using P90 (boys 12.0%; girls 11.3%) compared to 0.5 (boys 10.7%; girls 8.0%). WHtR and BMIfor-age had equivalent ability to discriminate hypertensive BP (ROC-AUC < 0.7; sensitivity of the 0.5 cut-off for detecting hypertensive BP < 30%). Conclusion: The fixed 0.5 WHtR cut-off can be used in German adolescents to characterize abdominal obesity. However, WHtR is not suitable as a screening tool for hypertensive BP in adolescents.
Introduction
In times of high obesity prevalences, efficient diagnostic tools to identify children and adolescents with unfavorable health risks become more important. In a recent meta-analysis, the waist-to-height ratio (WHtR) has been shown to have higher screening potential for adult cardiometabolic risk than waist circumference [1] . WHtR is receiving increasing attention as a measure of abdominal obesity in children and adolescents that is linked to obesity-related cardiovascular risk in adulthood [2, 3] . Because WHtR is only weakly associated with age, it has been suggested that the same cut-off value of 0.5 could be used across all age groups in children and adolescents [4, 5] . The advantage is that population-specific reference tables as well as ageand sex-specific cut-off values are not required, in contrast to obesity definitions based on BMI which are highly age-dependent. The WHtR cut-off of 0.5 was established based on studies in adults that investigated the associations between WHtR and metabolic syndrome and cardiovascular comorbidities [1, 6, 7] . Although a growing number of studies have supported the use of this cut-off in children and adolescents, a systematic review on WHtR with a cut-off of 0.5 highlighted the need for further studies in children [8] . Some studies indicate that the cut-point of WHtR of 0.5 is not ideal for all ages [9, 10] , suggesting the need for age-related references. Moreover, there are only a few studies which investigated the sensitivity of this cut-off point to identify obesity or risk of cardiovascular disease (CVD) in children and adolescents [11, 12] .
The objective of this current study was to compare the fixed 0.5 cut-off and the age-and sex-specific 90th percentile (P90) for WHtR in a representative sample of adolescents from Germany with respect to the prevalence of abdominal obesity and to compare the screening ability of WHtR and BMI to identify hypertensive blood pressure (BP) values.
Subjects and Methods

Subjects and Measurements
Data from the German Health Interview and Examination Survey for Children and Adolescents (KiGGS) were used in the analysis. This population-based, nationally representative, cross-sectional health examination survey was carried out from May 2003 to May 2006 with 17,641 participants (8,985 boys, 8,656 girls) aged 0-17 years living in Germany (response rate 67%). The study design and procedures have been described in detail elsewhere [13] . The current analyses are based on 6,813 subjects (3,492 boys, 3,321 girls) aged 11-17 years, of which 6,709 subjects (3,440 boys and 3,269 girls) had complete data sets.
The Federal Office for Data Protection and the 'Charité Universitätsmedizin Berlin' ethics committee approved the survey. Written informed consent was obtained from all parents or caregivers as well as from participants aged 14 years or older.
Anthropometric measurements were performed by trained staff as described previously [14] according to standardized guidelines [15] . In brief, height was measured to the nearest 0.1 cm with a portable Harpenden stadiometer (Holtain Ltd., Crymych, UK) and body weight to the nearest 0.1 kg using a calibrated electronic scale (SECA, Birmingham, UK). A non-elastic tape was used to measure waist circumference (WC) at the level of the natural waist, which is the narrowest part of the torso, as seen from the anterior aspect, to the nearest 0.1 cm. For each subject BMI was calculated as weight divided by height squared (kg/m 2 ) and WHtR as WC divided by height.
Systolic and diastolic BP were measured with an automated oscillometric device (Datascope Accutorr Plus; SOMA Technology, Inc., Bloomfield CT, USA) according to a standardized protocol [16] . Two measurements were taken at a 2-min interval on the right arm in the sitting position, elbow at the level of the right atrium and using one of 4 cuff sizes. The average of the two measurements was used for analyses.
Classification of the Subjects
For the analyses, subjects were classified according to BMI and WHtR. To classify the subjects as overweight and obese, the international BMI-based classification system recommended by the IOTF [17] was used. In this system, the age-and sex-specific BMI cut-offs that corre-spond to a BMI of 25 kg/m 2 or 30 kg/m 2 at age 18 were used to identify subjects as overweight or obese, respectively.
To assess abdominal obesity, the cut-off of 0.5 [5] was used and compared to the age-and sex-related P90 for WHtR that have been reported previously from the KiGGS study [16] . These percentiles were calculated using the LMS method [18] . Participants with incomplete or invalid measurements as well as participants with chronic conditions or intake of medication that can influence growth and weight development had been excluded from the reference population.
BP was classified as hypertensive when the systolic and/or diastolic BP was at or above the 95th age-, sex-and height-specific percentile according to the KiGGS reference data or if the adult threshold for hypertension of 140/90 mm Hg was exceeded [19, 20] .
Statistical Analysis
Statistical analyses were performed using SPSS for Windows (version 19.0; SPSS Inc, Chicago, IL, USA) and SAS (version 9.2; Cary, NC, USA). A level p < 0.05 was used to indicate statistical significance.
Sampling weights [13] were used in all analyses to account for unequal sampling probabilities and to reflect the distribution of the population (on December 31, 2004) with respect to age, sex, living in Eastversus West-Germany versus Berlin and German/non-German nationality. In the calculation of p values and confidence intervals, the sampling design and weighting were accounted for by using the survey procedures in SAS indicating the study location as cluster variable.
To adjust BMI and WHtR for age, Z-scores were calculated using the LMS values presented for reference data from KiGGS [16, 21, 22] . The calculated Z-scores are termed here 'BMI-for-age' and 'WHtR-for-age'. BP was adjusted for age, sex and height using KiGGS reference data [20] .
After cross-classification of the WHtR in categories according to the two cut-off points (</ ≥ 0.5 and </ ≥ P90), Cohen's kappa was calculated to measure the agreement between the two methods. A kappa of 0.0 is interpreted as evidence that the agreement is no better than chance alone, while a kappa between 0.81 and 1.00 demonstrates very good agreement. Values of 0.20, 0.21-0.40, 0.41-0.60, and 0.61-0.80 are interpreted as showing poor, fair, moderate and good agreement, respectively [23] .
The associations between BMI-for-age, WHtR and WHtR-for-age as well as between age-adjusted systolic and diastolic BP and WHtR were tested by means of Pearson correlation coefficients.
The ability of BMI-for-age, WHtR, and WHtR-for-age to predict hypertensive BP values was also assessed by receiver operating characteristics (ROC) to determine the area under the curve (AUC). To evaluate the ability of the two cut-offs (0.5 and P90) of WHtR to detect hypertensive BP values, sensitivity, specificity as well as positive and negative predictive values were calculated. This analysis was also performed for obesity based on IOTF criteria [17] . In addition, ROC analysis by sex was carried out to find the WHtR cut-offs with the best trade-off between sensitivity and specificity to identify subjects with hypertensive BP values. This is the point on the AUC which maximizes the sum of sensitivity and specificity. For these cut-offs, the sensitivity, specificity as well as positive and negative predictive values were calculated.
Results
Characteristics of the study participants are shown in table 1 . The median value for BMI was significantly lower for boys than for girls, whereas the medians of waist, WHtR, systolic and diastolic BP were all significantly higher among male subjects. The prevalence rates of hypertensive BP and overweight were also significantly higher in boys than in girls while the prevalence rates for obesity were only non-significantly higher in boys. In the group of overweight adolescents, 45.5% of boys and 37.4% of girls had abdominal obesity with a WHtR ≥ 0.5. In obese subjects, this was the case for most adolescents (92.3% of boys, 87.1% of girls), whereas in the non-overweight group only 0.3% were found with a high WHtR. Figure 1 illustrates the age-dependent changes in WHtR in both sexes. In boys, the WHtR decreased slightly up to the age of 15 years and increased slightly thereafter, whereas the WHtR remained nearly constant across the age range in girls. In both sexes, the P90 was slightly below the recommended cut-off of 0.5 for WHtR (except for boys aged 11-12.5 years, where P90 was slightly higher than 0.5). This good agreement was confirmed after cross-classification of the WHtR into categories according to both the constant cut-off of 0.5 and P90 and calculating Cohen's kappa which was 0.892 for boys and 0.808 for girls. 97.2% of the subjects were classified concordantly, i.e. 9.1% with abdominal obesity according to both cut-offs (WHtR ≥ 0.5 and ≥ P90) and 88.1% with a WHtR less than 0.5 as well as less than P90. Of the 2.7% subjects classified in discordant categories, the majority (2.5%) had a WHtR ≥ P90 but < 0.5. Based on the constant WHtR cut-off of 0.5, 10.7% of the boys and 8.0% of the girls had abdominal obesity ( table 2 ). While in boys higher prevalence rates were found in the younger age group, there were no age differences in girls. According to the percentilebased definition, 12.0% of the boys and 11.3% of the girls had abdominal obesity, with no statistically significant age or sex differences. Compared to the prevalence rates based on the constant cut-off, the percentile-based prevalence rates were 1.3% higher in male and 3.3% higher in female subjects. There was a strong positive and significant correlation between WHtR or WHtR-for-age and BMI-for-age (r = 0.852, for both sexes or r = 0.860 and 0.855 in boys and girls, respectively; p < 0.001), indicating that subjects with high BMI had a high WHtR.
The association measures between anthropometric indices and BP values indicate a moderate positive correlation in both sexes between WHtR-for-age and age-, sex-and heightadjusted systolic and diastolic BP (Z-scores) (systolic BP r = 0.296 and 0.183, diastolic BP r = 0.141 and 0.065 in boys and girls, respectively; p < 0.001). The use of unadjusted measures of WHtR yielded almost identical results (systolic BP r = 0.290 and 0.182, diastolic BP r = 8.0 (6.7-9.6) 11.4 (9.9-13.2) Total 8.0 (6 .9-9. 2 ) § 11. 3 (10.1-12.6) *Significant differences between age groups. § Significant differences between sexes (χ 2 test; p < 0.05). 0.138 and 0.065 in boys and girls, respectively; p < 0.001). BMI-for-age showed slightly higher correlations with both systolic and diastolic BP Z-scores (systolic BP r = 0.343 and r = 0.210, diastolic BP r = 0.160 and 0.073 in boys and girls, respectively; p < 0.001) compared to WHtRfor-age and WHtR. Table 3 shows that WHtR, WHtR-for-age and BMI-for-age had a nearly identical but overall modest ability to identify children with hypertensive BP values, with AUC values ranging from 0.56 to 0.72. The use of either adjusted or unadjusted measures of WHtR yielded almost identical results. All parameters had rather low sensitivities and positive predictive values at the given cut-off points ( table 4 ). The ability of the WHtR cut-off 0.5 to identify the 10.5% adolescents with hypertensive BP values was low: only a quarter of adolescents with hypertensive BP were identified, but the majority (3/4) could not be identified by this WHtR cut-off (data in detail not shown).
In contrast, the specificities and negative predictive values were high ( table 4 ) . BMI-forage had a somewhat higher specificity but a lower sensitivity than WHtR. The constant cut-off of 0.5 revealed slightly lower sensitivities but higher specificities and positive predictive value than the cut-off of P90. The negative predictive values were almost identical between both cut-offs. WHtR cut-offs with the best trade-off between sensitivity and specificity to identify subjects with hypertensive BP values were 0.43 in boys and 0.42 in girls. These cut-offs showed a higher but also only moderate sensitivity (0.617 in boys, 0.567 in girls). The specificity (0.596 in boys and 0.567 in girls) and the positive predictive value (0.163 in boys and 0.121 in girls) were considerably reduced compared to the other cut-offs.
Discussion
This study shows very good agreement of the simple fixed cut-off of 0.5 for the WHtR compared to the age-and sex-specific P90 with respect to prevalence rates for abdominal obesity and diagnostic quality of WHtR and BMI in a representative sample of adolescents in Germany. The strengths of our study are the large, nationally representative sample, standardized measurements, and up-to-date statistical methods for percentile derivation. Due to the use of the WHtR cut-off of 0.5, prevalence rates for abdominal obesity are internationally comparable. The KiGGS data on WHtR can be used as baseline data for long-term observation of abdominal obesity trends among German adolescents. In our study a very good agreement was found when using the cut-off 0.5 and the age-and sex-specific P90 to assess abdominal obesity. In populations with lower or higher WHtR values, the prevalence rates may be different when using these two cut-points.
Despite the suggestion to use the WHtR cut-off of 0.5 in children and adolescents [4, 5] , comparable prevalence values given for other studies are scarce. Using this definition, Li et al. [10] reported prevalence rates for abdominal obesity of 28.8% for male and 36.4% for female adolescents from the USA aged 12-17 years for the time period 1999-2004. They found lower prevalence rates in the National Health and Nutrition Examination Survey III for the time period 1988-1994 with 18.7% for boys and 24.2% for girls. In contrast, only 5% of 15-year-old Swedish boys from the European Youth Heart Study (girls 4%) were abdominally obese in 1998-1999 [24] . In this study, the number of subjects with abdominal obesity was higher than that with overall obesity assessed by BMI in both sexes. This finding is consistent with our observation, although the prevalence rates of abdominal obesity were markedly higher in German adolescents in 2003-2006. The high rates of abdominal obesity in our subjects refer to high visceral fat mass, which is assumed to be one of the key players in the development of metabolic consequences of obesity. The differences in the prevalence rates between the above mentioned studies may not only reflect differences in the degree of body fatness between the study populations, but also different techniques for WC measurements. While WC has been measured most commonly at the narrowest part of the trunk, in the Third National Health and Nutrition Examination Survey it was measured right above the iliac crest [25] . This technique may lead to higher values for WC and therefore to higher prevalence rates.
Our results show a good agreement between BMI as well as WHtR and BP measures. Both anthropometric parameters were positively correlated with BP and differed only slightly in their ability to identify adolescents with hypertensive BP values. Both indices presented larger AUC for systolic BP than for diastolic BP in both sexes. This stronger relationship of the WHtR to the systolic BP than to the diastolic BP is consistent with other studies [26] [27] [28] .
Despite the association between WHtR and BP, the ability of both WHtR cut-off points to detect subjects with hypertensive BP values was modest in our study, with low sensitivities around 20-30%. Moreover, detection of hypertensive BP appears to be modest across the whole range of possible WHtR cut-offs, as shown by the AUC statistics. We could improve the predictive ability by selecting WHtR cut-offs for hypertensive BP values with the best tradeoff between sensitivity and specificity. These cut-off values of 0.43 in boys and 0.42 in girls were near the 50th percentile values and provide evidence for the development of hypertensive BP in subjects with lower WHtR. Although the sensitivity of these obtained cut-off points is higher compared to that of the others (P90, 0.5), it still reaches only approximately 60%. Our results suggest that BMI has similar limitations as a screening parameter for hypertensive BP and its sensitivity when using the IOTF definition is even lower than that of the two WHtR cut-offs. A previous analysis with KiGGS data showed generally similar, but overall moderate diagnostic ability of various anthropometric indices including WHtR P90 and BMI to detect other cardiovascular risk factors [29] . Findings in studies in children and adolescents comparing the performance of WHtR and BMI were controversial. Some studies found that WHtR correlates more strongly with CVD risk factors than does BMI [26, 30, 31] , others reported differences concerning the investigated risk factors [32] or have not found any difference in the ability of WHtR and BMI or BMI-for-age to predict CVD risk [29, [33] [34] [35] . The concordance of BMI and WHtR in their predictive ability could be attributed to the high correlation between total body fat and abdominal body fat [36] or to the relatively low intraabdominal fat mass of children and adolescents [37] . In this context, investigating sensitivity and specificity of WHtR to identify other CVD risk factors (e. g. lipid status) would be an interesting aim for a further study.
Although it is difficult to compare the magnitude of the observed associations due to methodological differences between the studies, e.g. the use of BMI or BMI-for-age, age ranges, examined risk factor, and differences concerning the measurement of WC, the majority of these studies reported only a moderate ability of BMI or BMI-for-age and WHtR to discriminate subjects with and without hypertensive BP values or other CVD risk factors.
These findings indicate that the WHtR, just as other measures of obesity, should not be used to screen adolescents for increased BP but that measurements of BP are required in all adolescents. This is especially important because hypertensive BP among adolescents is often unrecognized, underdiagnosed, and hence unmanaged [38] .
However, the association of WHtR with metabolic outcomes, as found in our study as well as in other studies, suggests this index with other proxies for obesity, namely BMI, as a risk indicator in adolescents. Because there is considerable evidence that accumulation of abdominal fat during adolescence increases the risk for metabolic complications in adulthood [39] , WHtR would be a good screening tool for abdominal obesity, probably better than BMI. Furthermore, because there is no or at the utmost low age dependency in the WHtR as shown in our as well as in other studies [40] [41] [42] , a fixed cut-point can be used to define abdominal obesity; it is not necessary to express measures as percentiles or Z-scores as is the case for BMI. In addition, we found that the use of either adjusted or unadjusted measures of WHtR (correlation between unadjusted and age-adjusted measures of WHtR was 0.988 and 0.998 in boys and girls, respectively) yielded almost identical results. The unique and compelling simplicity of the message 'keep your waist to half your height', which refers to a WHtR of 0.5, singles out the WHtR as particularly attractive for prevention purposes, and our analyses indicate that it is generally similar to a more cumbersome percentile-based cut-off.
A possible limitation of our study is the use of the definition of obesity based on IOTF criteria. The review of Reilly et al. [43] provides evidence that supports the use of national reference data to define childhood obesity for clinical applications. Using the German BMI reference data [44] to define obesity in our study led to slightly higher prevalence rates in boys (7.7%) and significantly higher rates in girls (8.3%) compared to those derived from the IOTF criteria. Because there were not any notable differences in the association with BP using the German reference (data no shown), we decided to use the IOTF reference to enable international comparisons.
In summary, this study provides prevalence rates for abdominal obesity based on the WHtR in German adolescents and shows that the fixed cut-off of 0.5 and the P90 cut-off yield similar results. In addition, the WHtR as well as BMI had unsatisfactory abilities to discriminate hypertensive BP and therefore do not appear suitable as screening tools for hypertensive BP in adolescents. However, the significant relationship of WHtR and BMI to BP suggest these indices as risk indicators in adolescents. Because BMI requires the use of a cumbersome percentile chart with age-and sex-dependent cut-offs, WHtR with the constant cut-off of 0.5 could be the better choice for many settings. The simple massage 'keep your waist circumference to less than half your weight' may be especially useful in clinical and public health settings and allows one to obtain comparable prevalence rates for abdominal obesity at the global level. However, in all settings care must be taken concerning the measurements of the WC. Clothing during the measurements as well as the site of measurement needed to be standardized.
Forthcoming follow-up measurements in KiGGS participants will provide longitudinal data on the tracking of WHtR from adolescents to adulthood and data relating WHtR to metabolic and cardiovascular outcomes to validate the fixed 0.5 cut-off of WHtR.
